Proteins that react w ith anti-hu m an spectrin an tib od ies raised in rabbit were fou n d in pea seedlings and leaves. T he im m unoreactive protein s seem to be associated w ith the m em branes and can be extracted w ith low ion ic strength solu tion s.
Introduction
Spectrin is the main constituent o f the erythro cyte membrane skeleton. It forms heterodimers composed of two nonidentical subunits o f M T 280,000 (a) and 247,000 (ß) which are 200 nm long, flexible rods [1] . Heterodimers associating head to head form heterotetram ers which appear to be the physiologically relevant unit o f the ery throcyte membrane skeleton [2] , In the early 1980 s the existence of spectrin-like proteins in cells of al m ost all animal tissues was dem onstrated (for a re view see e.g. ref. [3] ). Spectrin-like proteins were also found in Acanthamoeba [4] and Dictyostelium [5] cells. In this communication we report the pres ence of a protein in higher plant cells which reacts with antibodies raised against hum an erythrocyte spectrin.
Materials and Methods

Plant material
Pea seeds (Pisum sativum L.) were surface steri lized in 1% H 20 2 solution, soaked in water for 2 -3 h, sown in a moist germinating-bed in a plastic cuvette (30 x 40 x 5 cm), and allowed to germinate for 7 days in the dark at 2 2 -2 4 °C. R oots of seed- lings were excised up and frozen in liquid nitrogen. F or some experiments we used also leaves from 12-day-old light grown pea plants.
Plant cell extracts
The pea seedlings (roots) or leaves were hom o genized (300 mg) in 1 ml o f either (1) buffer con taining 50 mM Tris-Glycine (pH 8.5), 10 mM EGTA , 0.1% SDS, PM SF (1 mg/ml), leupeptin (100 (ig/ml), pepstatin A (100 (ig/ml), or in 1 ml of (2) low ionic strength buffer containing 0.1 mM ED TA (pH 7.6), PM SF (1 mg/ml), leupeptin (100 ng/ml), pepstatin A (100 jig/ml), or in 1 ml of (3) "SDS buffer" containing 50 mM Tris-HCl (pH 8.0), 12.5% SDS, 2.5% ß-mercaptoethanol, 5 mM EDTA, 20% glycerol. Homogenates were centrifuged at 5850 x g for 5 min. Supernatants were used for analysis.
Isolation o f subcellularfractions
The crude nuclear fraction was obtained accord ing to Luthe and Q uatrano [6] . The 5 800 x g super natant was centrifuged at 16,000 x g and the re sulting supernatant was finally centrifuged at 1 0 5 ,0 0 0 x g to obtain membrane and cytosolic fractions.
Electrophoresis and immunoblotting
SDS-polyacrylamide gel electrophoresis (4 -20% concentration gradient gel) was carried out in the Laemmli system [7] and electrophoretic trans fer onto nitrocellulose filters according to Towbin et al. [8] . The filters were stained for protein with Ponceau S. F or immunospecific staining the nitrocellulose sheets were incubated first with newborn calf serum diluted (1:100) with 5% nonfat dry milk in 0.05% Tween 20 in PBS for 120 min, then washed 3 x 1 0 min with TPBS. Then they were incubated for 120 min with diluted (1 :2 5 0 -1 :6 0 0 in TPBS) serum of a rabbit immunized with hum an erythro cyte spectrin. Antibodies against hum an erythro cyte spectrin were obtained as described by others [9] , After washing with TPBS the filters were treat ed for 1 h with goat IgG directed against rabbit IgG conjugated to horseradish peroxidase (Bio-R ad) diluted 1:2000 in PBS. The filters were then washed in PBS three times. The immune com plexes were detected by incubation o f filters with a solution prepared by mixing 4 ml o f 4-chloro-1-naphthol solution in methanol (3 mg/ml) with 20 ml PBS. 30% H 20 2 (14 (j.1) was added to devel op color reaction.
Preparation o f protoplasts and immunofluorescence
Preparation of protoplasts was carried out as described by others [10] . For immunofluorescence, isolated protoplasts were pipetted onto a cover slip treated with 0.1% Alcian blue [11] and incubated at room tem perature for 30 min. Then the prepa rations were washed in PBS, fixed with 2% form aldehyde in PBS and permeabilized in 10% m eth anol in acetone at -2 0 °C for 5 min, washed again with PBS and incubated with 1 % fetal calf serum in PBS (15 min at room temperature). Then the preparations were incubated with anti-spectrin antibody diluted in PBS (1:100) for 30 min, washed several times with PBS and incubated 30 min with fluorescein isothiocyanate conjugated goat anti-rabbit IgG diluted 1:250, washed with PBS and stored in a humid chamber until micro scopic examination in an Axiophot-Opton micro scope.
Results and Discussion
Two antibodies were used: (1) obtained after im m unization with the ß-subunit of the spectrin band cut out of nitrocellulose after transfer o f hum an erythrocyte ghost proteins separated in a SDSpolyacrylamide gel. This antibody was generally specific for the ß-subunit, however with a substan tial cross-reactivity towards the a-subunit. This antibody, called anti-spectrin antibody, was used in the experiments described unless stated other wise; (2) obtained as above but by immunization of a rabbit with the a-spectrin subunit. This anti body was a-subunit specific (see Fig. 5 ).
Extracts o f pea seedlings obtained by extraction either with the buffer containing SDS or with low ionic strength were subjected to SDS-polyacrylamide gel electrophoresis, and the proteins were transferred onto nitrocellulose and treated with anti ß-spectrin antibodies (Fig. 1 D) . The electro phoretic mobility o f a polypeptide reacting with the anti-spectrin antibodies corresponded to M T 100,000. The same results were obtained, when the frozen pea seedlings were extracted in boiling SDS buffer; this may suggest that this protein is not the product o f proteolysis (not shown). The presence of a protein sharing antigenic determ inants with spectrin could also be dem onstrated in plant cells by the observation o f permeabilized plant proto plasts, treated with anti-spectrin antibodies, then with FITC-conjugated goat IgG directed against rabbit IgG and observed in the fluorescence micro scope (Fig. 2 A) . Control protoplasts treated with preimmune rabbit serum showed no visible flu orescence (not shown).
In order to test the specificity of the reaction of the plant protein with the anti-spectrin antibodies, prior to the reaction with the blotted proteins, the anti-spectrin antibodies were incubated with iso lated hum an red blood cell spectrin. After centrifu gation and dilution o f the antibodies, they were allowed to react with the blots containing the same am ounts of electrophoretically separated pea membrane fraction proteins. As can be seen in Fig. 3 , the intensity of the immune reaction decreased with the increasing am ount of spectrin used for the adsorption. This suggests that the reaction with the membrane polypeptide is spe cific.
The polypeptide reacting with anti-spectrin anti bodies was co-purified with the mem brane frac tion. Our results indicate that the mem brane frac tion contained a relatively high proportion o f po lypeptide reacting with anti-spectrin antibodies. Nuclear and cytosolic fractions did not contain substantial am ounts o f this protein (Fig. 4) . Also, in the 16,000 * g pellet the reaction with anti-spectrin antibodies was similar to that in the A B 105,000 x g pellet (data not shown) which was probably due to the presence of membrane frag ments and mem branous structures in this pellet in addition to m itochondria [12] . Our results indi cate, that in cells of higher plants, a protein react ing with anti-hum an erythrocyte spectrin antibod ies occurs. It seems to co-purify with the mem brane fraction and can be extracted with low ionic strength solution. In addition to the reaction with anti-spectrin antibodies, its co-purification with the membrane fraction, as well as the extraction with a low ionic strength solution also substantiate its similarity to spectrin. The use of extraction buf fer w ithout Triton X-100 did not affect the am ount o f the M r 100,000 protein in the membrane frac tion but the am ount of membrane material was de creased. The resistance to extraction with non-ion ic detergents is also one of the features o f spectrin, the element of the membrane skeleton. The plant protein displayed however, a much lower M x (about 100,000) than erythroid and non-erythroid spectrin (M r 280,000, 247,000). Experiments with anti-a-spectrin antibodies were also performed (Fig. 5) . Extracts of pea seedlings and leaves were com pared by immunoblotting. Our results showed that in the low ionic strength extract of both pea seedlings and pea leaves a protein is present, which cross-reacts with antibodies raised against human erythrocyte a-spectrin. The M r of this protein is about 200,000. Moreover, in the extract of pea leaves obtained by extraction with boiling SDS buffer, a polypeptide of a high molecular weight, which corresponded to the molecular weight of the Fig. 1 A and B. a-subunit of human erythrocyte spectrin (M r 280,000) was found in addition to the 200,000 band.
In the present analysis two factors should be considered: 1. the specificity o f antibodies used and 2. the possibility of the occurrence o f a protein containing a homologous, 106 amino acid residue segment which is found in both hum an and avian spectrin and also in other proteins like a-actinin and dystrophin [13, 14] . The latter possibility was excluded by immunoblot analysis o f a myofibril preparation containing a-actinin. Even at large ex-cess of the m aterial a reaction with anti-spectrin antibodies was not observed (not shown).
The specificity of the reaction with the antibod ies was tested in several ways. First of all, it was found that the obtained serum reacted only with spectrin. On the blots of erythrocyte membranes the antibodies were found to react only with spec trin bands. Nitrocellulose filters obtained by elec trophoretic transfer of plant proteins separated on SDS-polyacrylamide gel electrophoresis, and incu bated with preimmune rabbit serum (1 :250), did not show unspecific reactions with rabbit IgG. The fact that protein cross-reacting with anti-spectrin antibodies is present in plant tissue seems to be a rather unexpected phenomenon. Particularly, the presence o f the a-reactive protein seems to be novel observation in the literature, since the ß-subunit reactive protein has recently been re ported by others [15] . Further studies on the oligo meric structure and mutual interactions of spec trin-like polypeptides are currently conducted.
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